Abstract. Rhabdomyosarcoma (RMS) is the most common soft tissue sarcoma in the pediatric population. In 35% of cases, RMS develops in the head and neck (H&N) region, and only combined therapy is recognized as a curative treatment. However, recent advances in skull base and reconstructive surgery, along with microsurgery and endoscopic surgery, have strengthened the role of surgery as an important part of RMS treatment. In the present study, 36 pediatric RMS cases (24 males and 12 females) were analyzed after surgical treatment. The average age at diagnosis was 7 years. In total, 67% of tumors were localized in the parameningeal region. Alveolar RMS was the most common histopathological type. A total of 16 patients were treated due to disease recurrence or a previous non-radical surgical procedure, while 19 cases had inductive chemotherapy and/or radiotherapy preceding surgical treatment due to locally advanced disease. In 1 case, only diagnostic biopsy was performed. It is recommended that the management of H&N RMS is interdisciplinary from the beginning. Extensive surgical dissection in the H&N region for RMS may result in severe cosmetic defects and functional impairment; thus, these risks should be considered during treatment planning, and the surgical approach should be based on the individual characteristics of each patient.
Introduction
Rhabdomyosarcoma (RMS) is the most common soft tissue sarcoma in children, and represents 4.5% of all pediatric malignancies (1-3), with an incidence of 4.5/1,000,000 cases (4) . Although the majority of RMS cases arise sporadically, RMS may develop as a result of Li-Fraumeni syndrome (tumor protein p53 mutations), Beckwith-Wiedemann syndrome (11p15 defects), von Recklinghausen disease (neurofibromatosis type 1 mutations), cardiofaciocutaneous syndrome (B-Raf mutations) and Noonan syndrome [rat sarcoma (RAS)/mitogen-activated protein kinase signaling pathway mutations) (4) . It has been reported that >1/2 of patients are <10 years old when diagnosed (5, 6) . RMS has a bimodal age distribution, with a first peak of incidence between the ages of 2 and 6 years, and a second peak of incidence between the ages of 10 and 18 years (1,7). RMS occurs slightly more often in males than in females, but there is no such difference in RMS that originates from the head and neck (H&N) region (5) . Nearly 35% of all RMS tumors develop in the H&N region (5, 6) . Within the H&N type, it is clinically useful to divide RMS into three distinct categories: i) Orbital, ii) superficial and iii) parameningeal (8) . Of all H&N RMS cases, ~44.0% are localized in the parameningeal region, which includes the nasal cavity, nasopharynx, paranasal sinuses, middle ear, infratemporal and pterygopalatine fossa (5), while 25.6% of H&N RMS cases occur in the orbital region (5) .
RMS develops from embryonic mesenchyme with the potential to differentiate into skeletal muscles (9) . RMS may be divided into three major subtypes: i) Embryonal, ii) alveolar and iii) pleomorphic (10) . Embryonal RMS develops as a result of oncogenic mutations involving the anaplastic lymphoma kinase, RAS, fibroblast growth factor receptor 4, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha or catenin-cadherin-associated protein beta 1 genes (4). By contrast, alveolar RMS arises as a consequence of the translocation between the forkhead box protein O1 transcription factor gene (which is located on chromosome 13) and either the paired box (PAX)3 transcription factor gene on chromosome 2 or the PAX7 gene on chromosome 1, and mutations in the v-Myc avian myelocytomatosis viral oncogene neuroblastoma derived homolog and the c-Met genes (4) . Both RMS prognosis and treatment depend on the histopathological subtype (11) . Of all patients with H&N RMS, >1/2
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A case-series of 36 patients have embryonal RMS, which is a favorable prognostic factor, whereas the alveolar subtype carries a poorer prognosis (12) . Other RMS negative prognostic factors include parameningeal localization, presence of distant metastases, non-radical primary surgical procedure, tumor size >5 cm, age at diagnosis >10 years old and time to tumor relapse (1) . Oncological advancements during the last decades have improved RMS treatment outcomes substantially (13) . During the early 20th century, surgery was the only available therapy for RMS (13, 14) . Radical excision was the standard of care, and survival rates were poor, with survival being 7-70% at that time (9) .
Survival of children with RMS has improved significantly during the past 30 years (11) . This improvement may be attributed to the development of multimodal therapy combining surgery, radio-and chemotherapy (11) . According to the Intergroup Rhabdomyosarcoma Study (IRS) IV, the 5-year RMS survival increased from 25% in 1970 to 73% in 2001 (15, 16) , but at the same time, almost 15% of children with RMS present with metastatic disease (group IV), and their prognosis has not improved significantly over the last 20 years (9). Radiation therapy is generally reserved for those patients with high-grade, unresectable tumors, and as adjuvant therapy following resection with cancer-positive surgical margins (4) . Recent advances in radiation therapy include intensity modulated radiation therapy, specific computer-modulated radiotherapy and up-front radiotherapy prior to chemotherapy treatment (9) .
In conjuction, chemotherapy is the backbone of therapy for RMS patients (4). The three-drug combination of vincristine, dactinomycin and cyclophosphamide (termed VAC) is considered the standard treatment for these patients. The D9803 and CWS-91 trials, and the MMT-98 and IRS IV studies, have all demonstrated that the addition of other agents, including ifosfamide, etoposide or topotecan, does not improve clinical outcomes in terms of overall response rate, overall survival (OS) and progression-free survival, compared with standard VAC (4, 9) . Recently, combined therapy based on multidrug chemotherapy, advanced radiotherapy and more advanced surgical procedures (including skull base procedures, microsurgery and endoscopic and reconstructive surgery) have all contributed to an increase in survival (17) . The formation of study groups such as the IRS (now known as the Children's Oncology Group), the International Society of Pediatric Oncology, the German Cooperative Soft Tissue Sarcoma Group and the Italian Cooperative Group, has improved treatment protocols, analyzed large-scale cohort outcomes, unified classifications and defined RMS risk factors (17) .
However, despite such advances in H&N RMS treatment, unfavorable prognostic factors such as parameningeal location or alveolar histopathological type reduce patient survival rates significantly (survival rates, 49 and 44%, respectively) (5). Surgical procedures have had a notable influence on prognosis, with radical macro-and microscopic resection correlating strongly with higher survival rates; however, the treatment of patients with recurrent RMS remains challenging (4) . Local control in the form of aggressive surgical resection and radiation therapy to sites not irradiated previously is generally recommended, particularly in patients with localized recurrence (4). Furthermore, there is no expert consensus on second-or third-line salvage chemotherapy to be used (4) . The choice of chemotherapy is guided by the history of previous treatment received, and includes irinotecan with vincristine and temozolomide; topotecan with vincristine and doxorubicin; vinorelbine with oral cyclophosphamide; and gemcitabine with docetaxel (4, (18) (19) (20) (21) . For heavily pretreated patients, monotherapy of temsirolimus, bevacizumab, cediranib or cixutumumab has been proposed (4).
Materials and methods
Treatment setting. Retrospective analysis was performed on a cohort of 36 pediatric patients diagnosed with H&N RMS who were treated at the Department of Otorhinolaryngology in the Faculty of Medicine and Dentistry of the Medical University of Warsaw (Warsaw, Poland) from January 2000 to December 2013. All patients underwent treatment with current therapy protocols for RMS, according to the guidelines of the Polish Pediatric Solid Tumors Group (15, 16, 22) . Therapy was conducted in collaboration with pediatric oncologists who supervised the treatment regime. Diagnostic biopsies and primary tumor resections were performed, as well as secondary resections after tumor relapse or after not achieving radical resection during previous surgery performed at other institutions. The primary surgical objective was tumor resection with negative margins, and obtaining acceptable cosmetic and functional outcomes. The histopathological specimens acquired during surgery were examined as indicated by the Polish Pediatric Solid Tumors Group (22) . After surgery, patients returned to their referring oncology centers to continue therapy according to treatment protocol (chemo-/radiotherapy). Patients' treatment and outcomes were followed thereafter.
The patients' parameters included in the present analysis were age, gender, localization of the primary tumor, histopathological subtype, staging of the disease according to the tumor-node-metastasis (TNM) classification for RMS (23) , treatment modalities and outcomes (Table I) .
Ethics statement. All patients or their families provided written consent to the proposed treatment. The medical data used in the present study are anonymous and are presented in the form of cumulative statistical analysis, without photos or personal information that could allow the identification of each individual.
Results

Patient inclusion.
From January 2000 to December 2013, 36 pediatric patients with H&N RMS underwent surgical treatment in the Department of Otorhinolaryngology at the Medical University of Warsaw. The cohort consisted mostly of males (67%) (Fig. 1) . The mean age at the time of diagnosis was 7 years, and the patient age ranged from 21 months to 22 years (Fig. 2) .
Cancer localization. A total of 24 patients (67%) developed RMS in the parameningeal region. RMS primarily infiltrated the orbital region in 3 patients (8%). In 9 other cases (25%), the cancer was localized in different regions of the H&N (Fig. 3) .
Cancer histopathology. The most commonly observed RMS histopathology was embryonal subtype (28 cases, 78%).
In 5 patients (14%) alveolar subtype of RMS was diagnosed, and in other 3 patients (8%), tumor tissue consisted of both alveolar and embryonal (mixed alveolar/embryonal RMS) (Fig. 4) .
Cancer diagnosis. Only 2 patients had their primary diagnostic biopsies performed in the Czerniakowski Hospital (Warsaw, Poland), while 16 patients were referred to the Department of Otorhinolaryngology at the Czerniakowski Hospital due to cancer relapse or previous non-radical surgical treatment. Of them, 75% had previously undergone surgery for RMS. A total of 18 patients were referred to the Czerniakowski Hospital for primary surgical treatment following induction chemotherapy, with radiotherapy if required.
Cancer stage. In the analyzed cohort, the majority of patients presented with advanced disease. Among the patients referred to the Department of Otorhinolaryngology at the Czerniakowski Hospital for primary surgical treatment, 16 had stage III RMS disease according to TNM classification, 3 patients presented with lung metastasis, and 1 patient had bone marrow involvement.
Surgical treatment. Lateral, anterior, basal-through and combined surgical approaches were used depending on the localization and extent of disease progression. The most common localization was the skull base, and craniotomy was the most common surgical approach (20 cases). One patient had a concurrent nasal cavity surgical approach, while 2 others had a concurrent pharyngotomy. In 9 cases, access was achieved through rhinotomy with partial maxillectomy, if required; 2 cases involved a sublabial approach; 1 patient underwent petrosectomy; and 3 patients required lymphadenectomy due to disease stage. In other cases, different surgical procedures, including parotidectomy and resection of tumor of the parapharyngeal space or submandibular region, were performed if necessary. Early complications manifested as 1 case of hematoma in the postoperative site, which required surgical intervention, and 1 case of cutaneous flap necrosis. Among the late complications, there were 3 cases of trismus after orbitozygomatic craniotomy; rehabilitation relieved symptoms in 2 of these patients, while 1 patient required surgical treatment. Hypernasal speech developed in 2 other cases, caused by losses of soft palate tissue. Salivary fistula ending in the external acoustic meatus formed in 1 patient. The majority of children suffered from various grade cosmetic defects, which depended on the extent of surgical resection. In total, 4 patients had to undergo orbital exenteration due to tumor infiltration of the orbit and eyeball. In 2 cases, the orbital content, including the bony structures, was removed, and microvascular flap reconstruction was performed to close the postoperative site. One patient underwent reconstructive surgery to enable the usage of oculi prosthesis. In 1 case, reconstructive surgery in the orbital region was postponed until achieving complete clinical remission.
Treatment outcomes. Out of 20 patients treated with primary surgical resection, 10 patients succumbed to disease, 8 of them due to a disease relapse, while 2 others did not achieve clinical remission. Of the remaining patients, 2 were lost on follow-up, and 7 patients are currently free of disease with relapse-free survival at 6-13 years post-diagnosis. At present, 1 patient is treated due to a disease relapse. The 5-year OS for patients treated with primary surgical resection was estimated to be 50% (Fig. 5) . In the cohort of 16 patients referred to the Czerniakowski Hospital to treat RMS relapse, 12 patients succumbed to disease, 1 patient was lost during follow-up and 3 patients remain in remission 8 years and 3 months on average after the procedure. The 5-year OS for those patients was estimated to be 46.67% (Fig. 6 ).
Discussion
The treatment strategies for children with H&N RMS have changed drastically over the last 30 years (11). Until the early 1960s, the gold standard of treatment was primary surgical resection with possible irradiation of the postoperative site in cases of non-radical procedure or infiltration of surgical margins (24) . This approach resulted in disturbingly low survival rates (5-9%) (25, 26) . The introduction of the first chemotherapeutics revolutionized soft tissue sarcoma treatment (25) . Long-standing comparative analysis of numerous subsequent treatment protocols resulted in defining combination therapy (multidrug chemotherapy with radiotherapy and surgery) as the gold standard of treatment (9, 13) . RMS requires multidisciplinary care, and all patients with RMS should be placed on protocol-driven therapy (9) . The protocol must define the timing of chemotherapy, radiation therapy and surgery (9) . Whether complete surgical excision is feasible, it may be performed prior to the initiation of chemotherapy or upon induction treatment (9) . Surgery should be determined by an experienced pediatric H&N surgeon (9) . The necessity for radiotherapy is based on the site of the primary tumor and the completeness of surgical excision (9) . At present, the surgeon is a vital member of a multidisciplinary team that plans individual treatment for every RMS patient (14) . Surgical duties include assessing preoperative classification, performing proper biopsies, planning and conducting surgical resections with consideration of chemo-and radiotherapy, and evaluating postoperative classification (14) . The essential aim of surgical treatment is the complete and radical resection of the primary RMS tumor with an acceptable functional and cosmetic result (27) . Radical resection with histopathologically confirmed cancer-free surgical margins warrants a favorable prognosis (16, 28) . Surgical procedures play a major role in controlling cancer locally, particularly in patients who, due to their age (<2 years), are disqualified from irradiation (11, 27) . Recommendations from different study groups regarding the range of resection and optimal resection time varies substantially, and are under current analysis and discussion (27) . It is also clear that when considering surgical treatment, the patient benefits from treatment in a large center where there is full access to a broad expertise, including a full preoperative assessment with diagnostic imaging to determine if there is bone erosion, intracranial spread or metastatic disease, which would be contraindications for surgery (29) .
The signs and symptoms of pediatric H&N RMS vary widely with these sites of involvement (8) . Orbital and eyelid RMSs are readily identified, thereby facilitating early diagnosis and treatment (8) . Children may demonstrate mild facial asymmetry, nasal congestion and serous otitis media. If RMS is localized in the paranasal sinuses, extensive growth prior to identification is possible, thus initiation of treatment may be delayed, and infiltration of adjacent vital structures may further complicate the management of these patients (8) . Localization of H&N RMS parameningeally or in the skull base also remains a challenge for surgeons (11) . Sarcomas located parameningeally grow relatively large without any signs or symptoms, which delays treatment introduction (8,10). Therefore, the primary tumor size often makes radical resection impossible (8) . Parameningeal RMS tends to infiltrate the skull base and expand intracranially, which worsens prognosis (1) . Complicated skull base anatomy as well as plurality of important vital and functional anatomical structures limits surgical procedures, including impeded choice of optimal surgical approach, impossibility to resect the tumor en block, risk of losing important functional performance, inability to achieve acceptable cosmetic effect and difficulties at maintaining cancer-free surgical margins (30) . All these properties may cause poor prognosis, and explain the necessity for more aggressive systemic treatment in patients with parameningeal RMS (1) . Surgical treatment of malignant neoplasia originating in the skull base requires great experience and collaboration of different specialists, including H&N surgeons, neurosurgeons, oral and maxillofacial surgeons, and plastic surgeons (14) . Therefore, only selected medical centers offer such treatment. Primary RMS site in the orbital region and other more accessible regions of the H&N provides favorable prognosis (with exclusion of parameningeal location, as aforementioned), since it involves earlier symptoms occurrence, facilitates decision-making regarding implementation of further diagnostic imaging [such as computed tomography (CT) and magnetic resonance imaging (MRI)] and decreases time to surgery (30) .
Children with localized H&N RMS are able to undergo complete surgical resection with low long-term surgical morbidity (31) . It was reported that, by undergoing complete surgical resection, these patients avoid radiotherapy and its long-term complications, with no compromise in survival (31) . Patients in whom radical resection with healthy tissues margin is impossible should receive neoadjuvant chemotherapy (27, 32) . A postponed procedure must be performed upon achieving satisfactory response to chemotherapy (32) . Second-look surgery must be undertaken to resect viable tumors after the administration of definitive local therapy (1). In the IRS III, patients underwent induction chemotherapy and radiotherapy prior to second-look surgery (33, 34) . Surgery was delayed as much as 20 weeks. In that trial, 52% of patients undergoing secondary operations, upon achieving only a minor response, were converted to a complete remission status by surgery (33, 34) .
According to the IRS III, >1/2 of patients with localized disease had previously undergone only subtotal resection or biopsy as a surgical treatment (33) . Patients classified after surgical intervention in this group were at higher risk of cancer relapse than patients with completely resected localized tumor or tumor grossly resected with the evidence of microscopic residual disease only (33) . Since the majority of treatment failures apply to patients with relapse in the primary site, radiotherapy plays a substantial role in local RMS treatment. In addition, involvement of lymph nodes at primary diagnosis predicts a higher risk of local and distant treatment failure compared with children with negative lymph nodes (35). Smith et al (28) suggested the use of radiation therapy for every patient with confirmed microscopically cancer remnants, affection of regional lymph nodes and RMS histopathological subtype linked with unfavorable prognosis. Furthermore, according to a report by the Polish Pediatric Solid Tumors Group, radiotherapy should be used in every patient with parameningeal RMS (15) .
Since survival rates in patients with RMS have improved with more effective treatment regimens, more long-term treatment-associated complications have been described (8). The most frequent difficulties are associated with radiation exposure, and occasional problems result from the cytotoxic effects of chemotherapy (8) . The most frequently identified difficulties involve speech and memory skills (8) . Other common complications include facial and statural growth retardation, neuroendocrine dysfunction, visual or orbital difficulties, hearing loss, intellectual and academic delays, and development of secondary malignancies (8) . In RMS survivors, secondary leukemias were linked to etoposide therapy, and bone sarcomas in the sites of radiation treatment have been reported (35) . In terms of otorhinolaryngology and H&N surgery long-term care, H&N RMS treatment may result in dentofacial abnormalities that affect the patient's quality of life (29) . In patients with H&N RMS who were followed at the Dental Service of the Memorial Sloan Kettering Cancer Center (New York City, NY, USA) and were alive and free of disease with ≥5-year follow-up, multiple clinical and radiographic dentofacial abnormalities were observed, including facial asymmetry, enamel defects, bony hypoplasia, trismus, velopharyngeal insufficiency, tooth and root agenesis, malformed or missing teeth, microdontia, maxillary and mandibular hypoplasia, disturbance in root development, poor tooth development, root stunting and xerostomia (8, 29) . The care of the long-term survivor requires a multidisciplinary approach, including early involvement of the dental specialists (29) . Furthermore, behavioral problems, including hyperactivity, depression, immaturity and suicidal behaviors, have also been observed in certain RMS patients (8) . The majority of RMS complications are encountered within the first 10 years after radiotherapy and chemotherapy (8) .
A limited number of studies in the literature comment on the surgical treatment of pediatric H&N RMS. The majority of publications concern population studies, epidemiological analyses or multinational collaborations summarizing the efficacy of combined therapy treatment according to differing treatment protocols (13) .
Moretti et al (36) , from the Otorhinolaryngological Unit at the Clinical Hospital of The University of São Paulo Medical School (São Paulo, Brazil), described a group of 24 patients suffering from RMS of the H&N. Similar to the present study, the majority of cases were parameningeal RMS, but only 4 patients received surgical treatment as a part of combined therapy, and in 2 cases, resection was not radical. Fyrmpas et al (37) reported 14 patients with RMS of the nasal area and paranasal sinuses. Among them, 6 underwent primary surgical resections with subsequent chemotherapy and, if required, radiotherapy. Surgical approaches included combined approach (endoscopic and external) in 3 cases, sublabial approach (mid-facial degloving) in 2 cases and intranasal approach in 1 case. Resection was not radical in 2 cases. Only 1 patient suffered from progressive disease and consequently succumbed to disease (37) .
In the current study, a heterogenous patient cohort that was treated at Department of Otorhinolaryngology at the Czerniakowski Hospital is presented. Among these patients, ~1/2 of them were referred due to previous treatment failure for salvage surgery. A significant number of tumors were parameningeal, which is an anatomical space difficult for surgical access and correlated with an unfavorable long-term prognosis. Out of 12 patients with a favorable prognosis due to tumor localization, 10 were operated in the Department of Otorhinolaryngology at the Czerniakowski Hospital due to cancer relapse, 9 of whom had previously undergone surgical treatment in different medical centers. The majority of patients (18 in total) had locally advanced cancer after induction chemotherapy and, possibly, radiotherapy. In the majority of cases, residual tumor was localized in the surrounding area of the infratemporal and pterygopalatine fossa; thus, the preferable surgical approach orbitozygomatic craniotomy. Skin incision was performed in line with the coronal suture, and subsequently lengthened longitudinally down along the anterior border of the auricle. This minimized postoperative scarring. Revelation of skin, fascial layer, temporal muscle and zygomatic arch excision provided excellent access to the infratemporal fossa, which allowed the identification and occasional preservation of the trigeminal nerve and maxillary artery. Furthermore, it eased complete resection of the pterygoid muscles with their bone insertion (pterygoid processes, temporomandibular joint and part of the mandibular ramus) in cases of muscle infiltration. The unilateral resection of the temporomandibular joint caused minor face asymmetry, and led to trismus in 3 cases, 1 of who required surgical correction while 2 others only underwent rehabilitation.
In 9 patients with RMS localized in the limits of the nasopharynx and/or maxillo-ethmoidal complex, the preferred surgical approach was lateral rhinotomy with partial maxillectomy. This approach allowed access into the nasal cavity structures, and following excision of the medial part of the maxilla with frontal process, it enabled the revision of the entire maxillary sinus. Furthermore, acceptable exposition of the ethmoid bone granted insight into possible infiltration towards the base of the anterior crania fossa.
Independently from the surgical approach, macroscopic assessment of the tumor infiltration margins was difficult, and intraoperative histopathological examination of the surgical margins previously altered by radiochemotherapy was not always evident. Due to those limitations, the scope of operation relied mainly on the result from imaging studies (CT and MRI). Adequate assessment of tissue material acquired during surgery required specific experience and often involved immunohistochemical staining; thus, the reference center evaluated and verified every histopathological result. After surgery was performed at the Department of Otorhinolaryngology at the Czerniakowski Hospital, patients continued therapy according to treatment protocols at their respective referring oncology centers. Patients were postoperatively monitored, due to collaboration between the Department of Otorhinolaryngology of the Faculty of Medicine and Dentistry of the Medical University of Warsaw and the aforementioned oncology centers providing subsequent therapy. However, not all patients reported for follow-up, mainly due to the distance from their place of residence and ongoing systemic therapy. The relatively low survival rate in the group of patients operated at the primary treatment stage may result from the advanced stage of the disease at the moment of diagnosis (95% of patients exhibited stage ≥3) and unfavorable tumor localization (86% of the group). In the group operated due to a disease relapse, the tumor was localized mainly in a favorable site, thus resulting in a relatively good survival rate.
It should be emphasized that management of H&N RMS must be interdisciplinary at the time of diagnosis. The surgical approach should be based on the individual characteristics of each patient. It is important to explain the possible complications of surgery, such as functional losses, cosmetic defects and permanent limitations, to parents and to the child, if necessary. In case of parameningeal RMS, obtaining negative surgical margins is often impossible; therefore, subsequent adjuvant therapy is indispensable. Experienced pathologists should examine both tumor en block and intraoperative tissue samples to assess the effectiveness of the surgical treatment. Surgeons should provide radiologists evaluating postsurgical CT or MRI scans with specific information regarding the surgical procedure and descriptions on how the operative site was reconstructed, as close collaboration in this field prevents misdiagnosis of disease relapse, which could lead to needless reoperations. 18 F-fluorodeoxyglucose positron emission tomography/CT should become a part of the standard diagnostic algorithm for children diagnosed with RMS, although dedicated bone imaging with 99 Tc-methylene diphosphonate bone imaging may not be necessary in these patients. To reduce the radiation exposure of pediatric RMS patients to a minimum, as demanded by the As Low As Reasonably Achievable principle (38, 39) , the number of imaging procedures should be as low as possible, since children are 10-15 times more sensitive to radiation than adults (40) . Furthermore, children with RMS are often under surveillance for numerous years with serial CT imaging; thus, the development of novel imaging approaches to reduce radiation exposure is required (41) . The role of second-look surgery after chemotherapy and radiation remains unknown, and trials must be designed in order to develop guidelines for such patients. It is likely that molecular biology research exploring the basic genetic mechanisms of RMS tumorigenesis and metastases development in the future will lead to the development of novel treatment strategies. Immunotherapy, targeted therapy and anti-angiogenic agents are potential new therapy modalities in pediatric H&N RMS (35) .
